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METHOD FOR UPDATING AN INDEX TREE 
STRUCTURE OF DATA BASED ON NODE SIZES 

This is a continuation of application No. 07/434,025, 
?led on Nov. 9, 1989, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method and system 

for processing data having an index tree structure. 
2. Description of the Related Art 
In insertion and deletion of a record of data having an 

index tree structure, it is always necessary to increase a 
storage rate of records and decrease the number of 
orders of an index without rearranging the index. For 
this purpose, in inserting a record, a simple insert pro 
cess, an overflow process, and a node split process have 
been performed. In deleting a record, a simple delete 
process, an under?ow process, and a node concatena 
tion process have been performed. 
Data having an index tree structure and examples of 

the above processes will be described below with refer 
ence to FIGS. 1 to 8. 
As shown in FIG. 1, an index tree is constituted by a 

group of nodes which are hierarchically arranged in a 
?le storage unit (not shown). Each node includes a 
plurality of records and pointers, as shown in FIG. 2. 

In a conventional data process, if an upper limit 
pointer count is set to be M, a lower limit pointer count 
in can be obtained by the following equation: 

where < > represents that a decimal fraction is 
rounded up. In this case, a pointer count x of a predeter 
mined node needs to be set to satisfy méx éM. 

In a simple insert process (see FIG. 3), if (a pointer 
count of a target node after insertion) éM, a pointer is 
inserted in the target node. 

In an over?ow process (see FIG. 4), if (a pointer 
count of a target node after insertion) >M, and (a 
pointer count of an adjacent node) (M, a predeter 
mined number of records are moved from the target 
node to the adjacent node. 

In a node split process (see FIG. 5), if (a pointer count 
of a target node after insertion) >M, and (a pointer 
count of an adjacent node) =M, a new node is set, and 
the records of the target node and the adjacent node are 
split into the three nodes. 

In a simple delete process (see FIG. 6), if (a pointer 
count of a target node after deletion) im, a pointer is 
deleted from the target node. 

In an under?ow process (see FIG. 7), if (a pointer 
count of a target node after deletion) <rn, and (a 
pointer count of an adjacent node) >m, a predeter 
mined number of records are moved from the adjacent 
node to the target node. 

In a node concatenation process (see FIG. 8), if (a 
pointer count of a target node after deletion) <rn, and 
(a pointer count of an adjacent node) =m, the target 
node and the adjacent node are concatenated into one 
node. 

If an index tree is subjected to journal process, in 
order to decrease the journal amount and increase the 
efficiency of journal acquisition process, a change in 
index tree structure and the frequency of record move 
,ments between nodes due to a data process must be 
minimized. However, even if a difference in the number 
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of records movement between a target node and its 
adjacent node is small, the above-described processes 
are performed. 
For example, in a record insert process (M=50), if 

the pointer count of a target mode is 50 and that of an 
adjacent node is 49, an over?ow process is performed. 
As a result, the pointer count of each of the target node 
and the adjacent node becomes 50. When another re 
cord is to be inserted in this target node, a node split 
process is performed. In this case, if a node split process 
is executed for the ?rst record insert process, a change 
in index tree structure becomes smaller, and hence the 
journal amount is decreased. 

Furthermore, in the conventional data process, if 
only a node split process is executed without perform 
ing an overflow, under?ow, or node concatenation 
process, the journal amount can be reduced. However, 
one node may include only one pointer, and hence the 
storage rate of records is decreased. 
As described above, in processing of records stored in 

a file storage unit, a demand has arisen for a data pro 
cessin g system which can reduce the journal amount by 
increasing the storage rate of records and decreasing 
the frequency of record movements between nodes. 

I SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
method and system for efficiently processing data hav 
ing an index tree structure. 
According to the present invention, there is provided 

a method for updating an index tree structure of data in 
a data processing apparatus. The method ef?ciently 
retrieves, adds or deletes records arranged in an index 
tree structure in which a plurality of nodes are hierar 
chically arranged. The method comprises the steps of 
using a data processing means to set a maximum size M 
for storing the records in one of the nodes and a size M’ 
smaller than M for storing the records in an adjacent 
node thereto. The method further sets a minimum size 
in for string the records in one of the nodes and a size m‘ 
larger than m for storing the records in an adjacent 
node thereto. The method performs an insert process of 
the records to one of the nodes based on the sizes M and 
M’, and a delete process of the records from one of the 
nodes based on the sizes m and m’. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 
FIG. 
FIG. 
FIG. 
FIG. 
FIG. 
FIG. 
FIG. 

cess; 
FIG. 9 is a view showing an arrangement of a system 

according to an embodiment of the present invention; 
FIG. 10 is a flow charge showing a record insert 

process in an index tree processing section; and 
FIG. 11 is a flow chart showing a record delete pro 

cess in the index tree processing section. 

1 is a view showing an index tree structure; 
2 is a view showing an arrangement of a node; 
3 is a view showing a simple insert process; 
4 is a view showing an overflow process; 
5 is a view showing a node split process; 
6 is a view showing a simple delete process; 
7 is a view showing an underflow process; 
8 is a view showing a node concatenation pro 



5,307,486 
3 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

An embodiment of the present invention will be de 
scribed below with reference to the accompanying 
drawings. 

Referring to FIG. 9, a data processing system 1 com 
prises application program processing units 3a, 3b, and 
3c, and an index ?le processing unit 4. The data process 
ing system 1 performs retrieval, insertion, deletion, and 
the like of records with respect to an index ?le 2 stored 
in a ?le storage unit (not shown). 
The index ?le 2 includes an index tree 6 and an index 

tree control record 8. The index tree 6 is constituted by 
a plurality of nodes 70 to 70 which are hierarchically 
linked to each other. Each of the nodes 7a to 7c includes 
a plurality of records and pointers. The index control 
record 8 has parameters for determining a process con 
dition for the index tree, namely, an upper limit pointer 
count M, a lower limit pointer count m, a buffer rate P, 
and auxiliary constants M’ and m’. Note that the auxil 
iary constants M’ and m’ are calculated on the basis of 
the upper limit pointer count M, the lower limit pointer 
count in, and the buffer rate P. 
The application program processing units 30, 3b and 

3c request retrieval, insertion, and deletion of records 
with respect to the index ?le 2. 
The index ?le processing unit 4 performs retrieval, 

insertion, and deletion of records requested by the ap 
plication program processing units 30, 3b and 3c, and 
transfers the processing results to the units 3a, 3b and 3c. 
The index tree processing section 5 of the index ?le 

processing unit 4 determines a process condition for the 
index tree by using the index tree control record 8 and 
performs a corresponding data process. 
A record insert process for a target node in the index 

tree processing section 5 will be described below in 
accordance with a ?ow chart shown in FIG. 10. 

In step Al, the pointer count of the target node is 
checked. Note that reference symbol x denotes the 
pointer count of the target node after insertion; and M, 
the upper limit pointer count. If xéM in step A1, a 
simple insert process is performed (step A3). 

In step A2, the pointer count of an adjacent node is 
checked. Note that reference symbol y denotes the 
pointer count of the adjacent node; and M’, a pointer 
count obtained as <(l —P)M>. Ify<M' in step A2, an 
over?ow process is performed (step A4). If yZM’ in 
step A2, a node split process is performed (step A5). 

Insertion of the record is performed by the above 
described operation. 
A record delete process for a target node will be 

described below in accordance with a ?ow chart shown 
in FIG. 11. 

In step E1, the pointer count of the target node is 
checked. Note that reference symbol x denotes the 
pointer count of the target'node after deletion; and m, 
the lower limit pointer count. If xim in step B1, a 
simple delete process is performed (step B3). 

In step B2, the pointer count of an adjacent node is 
checked. Note that reference symbol y denotes the 
pointer count of the adjacent node; and m’, a pointer 
count obtained as <($)M>. If y>m' in step B2, an 
under?ow process is performed (step B4). If yém’ in 
step B2, a node concatenation process is performed 
(step B5). _ 

Deletion of the record is performed by the above 
described operation. 
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4 
An index process of the system of the present inven 

tion will be described below. 
When, for example, the application program process 

ing unit 30 requests insertion or deletion of a record 
with respect to the index ?le 2, the index tree processing 
section 5 of the index ?le processing unit 4 sets a target 
node in accordance with a current index tree structure. 

In addition, the index tree processing section 5 deter 
mines a process for a pointer count by using the upper 
limit pointer count M, the buffer rate P (OéPéé), the 
lower limit pointer count in (<—($)—P)M>), the auxil 
iary constant M’ (<-(l —P)M>), and the auxiliary con 
stant m’ (+-(§)M>). In this case, symbol <— represents 
that a left-hand side is de?ned by a right-hand side. 

In an insert process, as shown in FIG. 10, the pointer 
count it of the target node after record insertion is com 
pared with the upper limit count M. If xéM, a simple 
insert process is performed to insert one pointer in the 
target node. 

If x>M, the pointer count y of an adjacent node is 
compared with the auxiliary constant M’. If y<M’, an 
over?ow process is performed to move a predeter 
mined number of records of the target node to the adja 
cent node. 

If yéM', a new node is set, and a node split process 
is performed to split the records of the target node and 
the adjacent node into three nodes each having a prede 
termined number of records. 

In a delete process, as shown in FIG. 11, the pointer 
count x of the target node after record deletion is com 
pared with the lower limit count m. If xém, a simple 
delete process is performed to delete one pointer from 
the‘ target node. 

If x<m, the pointer count y of the adjacent node is 
compared with the auxiliary constant m,. If y>rn', an 
under?ow process is performed to move a predeter 
mined number of records of the adjacent node to the 
target node. 

If yém’, a node concatenation process is performed 
to concatenate the target node and the adjacent node 
into one node. 
Note that the simple insert process, the over?ow 

process, the node split process, the simple delete pro 
cess, the under?ow process, and the node concatenation 
process are performed in the same manner as in the 
conventional data processes shown in FIGS. 3 to 8. 

In the above-described embodiment, if, for example, 
M=50 and P=O.1, M'=45, m’32 25, and m=20. Ifthe 
pointer count of a target node is 50 and that of an ad ja 
cent node is 49 in record insertion, only a node split 
process is performed without an overflow process, un 
like the conventional method. Therefore, the journal 
amount can be reduced. 
According to the system of the above-described em 

bodiment, when insertion or deletion of an pointer is to 
be performed with respect to each node in an index tree 
structure in which records arranged in accordance with 
a relationship in magnitude therebetween are stored to 
form a hierarchical network, a predetermined buffer 
rate corresponding to that magnitude is used so that a 
data process to be performed can be selected from a 
simple insert process, an over?ow process, a node split 
process, a simple delete process, an under?ow process, 
and a node concatenation process. With this operation, 
the record storage rate of each node can be kept rela 
tively high. In addition, by reducing the frequency of 
record movements between nodes, the journal amount 
can be reduced. 
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An embodiment of the present invention has been 
described. However, the present invention is not limited 
to the embodiment. Various changes and modi?cations 
can be made within the spirit and scope of the invention. 
What is claimed is: 
1. A method for updating an index tree structure in a 

data processing apparatus which can retrieve, add, or 
delete records arranged int he index tree structure in 
which a plurality of nodes are hierarchically arranged, 
each of the plurality of nodes including a plurality of 
records sorted in ascending or descending order in ac 
cordance with a key value, the method comprising the 
steps of: 

a) setting a maximum size M for storing the records in 
one of the nodes, and a size M’ which is smaller 
than both M and the potential maximum capacity 
of an adjacent node for storing the records in the 
adjacent node, using data processing means; 

b) setting a minimum size in for storing the records in 
the one node, and a size m’ which is larger than m 
for storing the records in the adjacent node, using 
said data processing means; 

c) after said setting steps a) and b), inserting at least 
one of the records in one of the nodes and shifting 
records between the nodes to maintain, after said 
inserting step, a number of records in the one node 
below M and a number of records in the adjacent 
node below M’ using sad data processing means; 

d) after said setting steps a) and b), deleting at least 
one of the records form one of the nodes and shift 
ing records between the nodes to maintain, after 
said deleting step, a number of records in the one 
node above in and a number of records int he adja 
cent node above m’, using said data processing 
means; and 

e) recording and updating a record position within 
the index tree structure. 

2. The method according to claim 1, further compris 
ing the steps of: 

e) setting a buffer rate, said buffer rate controlling an 
average number of the total records in the nodes 
after the steps a)—d) are repeatedly performed; and 

f) setting the sizes M’ and m’ based on the set buffer 
rate. 

3. A method for updating an index tree structure in a 
data processing apparatus which can retrieve, add, or 
delete records arranged in the index tree structure in 
which a plurality of nodes are hierarchically arranged, 
each of the plurality of nodes including a plurality of 
records sorted in ascending or descending order in ac 
cordance with a key value, the method comprising the 
steps of: 

a) setting a maximum size M for storing the records in 
a target node, and a size M’ which is smaller than 
both M and the potential maximum capacity of an 
adjacent node for storing the records in the adja 
cent node thereto, using data processing means; 

b) determining if a number of records which exist 
after an insertion of at lest one of the records in the 
target one exceeds the maximum size M, using said 
data processing means; 

c) inserting the at lest one record in the target node 
when it is determined in said step b) that the inser 
tion of the at least one record in the target node 
does not cause the number of records in the target 
node to exceed the maximum size M, using said 
data processing means; 
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d) determining if a number of records in the adjacent 
node to the target node exceeds the size M’ when it 
is determined in said step b) that the insertion of the 
at least one record in the target node causes the 
number of records in the target node to exceed the 
maximum size M, using said data processing means; 

e) performing an over?ow process such that the re 
cords, including the at least one record to be in 
serted, in the target node and the records in the 
adjacent node are uniformly rearranged in both 
nodes, when it is determined in said step d) that the 
number of records in the adjacent node does not 
exceed the size M’, using said data processing 
means; 

f) performing a node split process such that a new 
node is prepared and the records, including the at 
least one record to be inserted, in the target node 
and the records in the adjacent node are rearranged 
among the target node, the adjacent node and the 
newly prepared node, when it is determined in said 
step d) that the number of records int he adjacent 
node exceeds the size M’, using said data process 
ing means; and 

g) recording and updating a record position within 
the index tree structure. 

4. The method according to claim 3, further compris 
ing the steps of: 

g) setting a buffer rate, said buffer rate controlling an 
average number of the total records in the nodes 
after the steps a)—f) are repeatedly performed; and 

h) setting the size M’ based on the set buffer rate. 
5. A method for updating an index tree structure in a 

data processing apparatus which can retrieve, add, or 
delete records arranged in the index tree structure in 
which a plurality of nodes are hierarchically arranged, 
each of the plurality of nodes including a plurality of 
records sorted in ascending or descending order in ac 
cordance with a key value, the method comprising the 
steps of z 

a) setting a minimum size m for indicating a minimum 
number of records in a target node, and a size m’ 
which is larger than m for indicating a minimum 
number of records in an adjacent node thereto, 
using data processing means; 

b) determining if a number of records which exist 
after a deletion of at least one of the records from 
the target node exceeds the minimum size In, using 
said data processing means; 

0) deleting the at least one record in the target node 
when it is determined in said step b) that the dele 
tion of the at least one record int he target node 
causes the number of records in the target node to 
exceed the minimum size m, using said data pro 
cessing means; 

d) determining if a number of records in the adjacent 
node to the target node exceeds the size in’ when it 
is determined in said step b) that the deletion of the 
at least one record from the target node does not 
cause the number of records in the target node to 
exceed the minimum size in, using said data pro 
cessing means; 

e) performing an under?ow process such that the 
records, including the at least one record to be 
deleted, in the target node and the records int he 
adjacent node are uniformly rearranged in both 
nodes when it is determined in said step d) that the 
number of records in the adjacent node exceeds the 
size m’, using said data processing means; 
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g) recording and updating a record position within 
the index tree structure. 

the target node and the adjacent node are concate- 6. The method according to claim 5, further compris 
ing the steps of: 

5 g) setting a buffer rate, said buffer rate controlling an 
step d) that the number of records in the adjacent average number of the total records in the nodes 

after the steps a)—f) are repeatedly performed; and 
h) setting the size m’ based on the set buffer rate. 

processing means; and * * * "‘ * 

7 10 

f) performing a node concatenation process such that 

nated into one node when it is determined in said 

node does not exceed the size m’, using said data 
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